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(54) VTOL UAV WITH 3D LIDAR SENSOR

(57) A VTOL UAV (1) comprising a chassis (3), a
propulsion system (5) mounted on the chassis (3), elec-
tronics (12) including a flight control system, and a 3D
LIDAR sensor (10) mounted on the chassis. The 3D
LIDAR sensor has a laser beam 360° rotation axis (R)
and an azimuthal scanning angle (α) in a range of 70° to
110°. The propulsion system comprises a plurality of pro-

pellers (6) with motors (7) configured for flight without
wings, including static hovering flight, the VTOL UAV
comprising a yaw axis (Z) about which it can rotate upon
itself. The 3D LIDAR sensor is statically mounted on the
chassis such that the LIDAR laser beam 360° rotation
axis (R) is inclined at a LIDAR inclination angle (β) with
respect to the yaw axis (Z) in a range of 35° to 50°.
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Description

Field of the invention

[0001] The present invention relates to a vertical take-
off and landing (VTOL) unmanned aerial vehicle (UAV)
with a light detection and ranging (LIDAR) sensing sys-
tem.

Background of the invention

[0002] It is known to provide vehicles including UAVs
(also known as drones) with LIDAR sensing systems that
use light in the form of a pulsed laser to measure ranges
to objects in the environment of the sensor. This may be
used for instance for guiding moving vehicles and avoid-
ing collision with objects in the travel direction of the ve-
hicle, or simply for mapping the 3D space around the
UAV. The LIDAR sensor may also be used for scanning
and mapping objects and structures around the UAV.
[0003] There are several popular types of LIDARs:

- 1D LIDAR: One laser beam measurement in a single
direction;

- Scanning 2D LIDAR: One laser beam continuously
executing 360° rotations within a plane, providing a
scan within this plane, namely a 2D scan with a "hor-
izontal field of view" of 360° (or less if there are some
obstructions, but usually 270° or more);

- Scanning 3D LIDAR: multiple laser beams or sensor
arrays enabling range sensing towards different ori-
entations (usually spread within an angle ranging
from 15° to 95°), continuously executing 360° rota-
tions, providing a 3D scan with a 360° horizontal field
of view and 15 to 95° vertical field of view;

- Flash LIDAR: in this case, the entire field of view is
illuminated with a wide diverging laser beam in a
single pulse. A solid state sensing array collects 3-
D range data over a field of view generally defined
by a lens (similar to a standard camera).

[0004] As mentioned above, typical scanning 3D
LIDARs may have a rotating laser beam rotating 360°
around the axis of rotation and typically a scanning angle
of 15 to 95° with respect to the vertical axis. In order to
increase the scanning volume around the UAV, it is
known to mount the LIDAR on a motorized moving mech-
anism. However, for VTOL UAVs, such moving mecha-
nisms require additional motors and structural mecha-
nisms that increase the weight and cost of the UAV. Since
weight is a key factor in the flight performance and au-
tonomy of a UAV, such mechanisms represent an impor-
tant drawback in the use of movable LIDAR sensing ar-
rangements. Moreover, despite the presence of movable
mechanisms, the propulsion system and elements of the
drone block a portion of the LIDAR sensing volume.

Summary of the invention

[0005] In view of the foregoing, it is an object of the
invention to provide a VTOL UAV with a LIDAR sensing
system that is lightweight, yet able to easily scan the sur-
rounding volume horizontally and vertically (e.g to obtain
a spherical scanning range). In particular for indoor
LIDAR surveys, where objects of interest can be in all
directions around the UAV.
[0006] It is advantageous to provide a VTOL UAV that
is cost effective to manufacture and operate.
[0007] It is advantageous to provide a VTOL UAV that
is safe and well protected from impacts with objects.
[0008] A particular object of the invention is to provide
a VTOL UAV for inspection applications that can operate
safely and effectively in confined or indoor environments.
[0009] It is advantageous to provide a VTOL UAV for
inspection purposes that is compact.
[0010] It is advantageous to provide a VTOL UAV for
inspection purposes that has a high flight autonomy.
[0011] It is advantageous to provide a VTOL UAV for
inspection purposes in indoor environments that is robust
and durable.
[0012] Objects of this invention have been achieved
by providing the VTOL UAV according to claim 1.
[0013] Disclosed herein is a VTOL UAV comprising a
chassis, a propulsion system mounted on the chassis,
electronics including a flight control system, and a 3D
LIDAR sensor mounted on the chassis. The 3D LIDAR
sensor has a laser beam 360° rotation axis (R) and an
azimuthal scanning angle (α) in a range of 70° to 110°,
the propulsion system comprising a plurality of propellers
with motors configured for flight without wings, including
static hovering flight, the VTOL UAV comprising a yaw
axis (Z) about which it can rotate upon itself.
[0014] The 3D LIDAR sensor is statically mounted on
the chassis such that the LIDAR laser beam 360° rotation
axis (R) is inclined at a LIDAR inclination angle (β) with
respect to the yaw axis (Z) in a range of 35° to 50°.
[0015] In an advantageous embodiment, the LIDAR in-
clination angle (β) is 45° or in a range of 43° to 47°.
[0016] In an advantageous embodiment, the LIDAR
sensor is mounted within an orifice in a centre part of the
chassis, a pair of motors at a back side of the UAV being
at a height in the direction of the yaw axis that is different
to a height of a second pair of motors positioned on a
front side of the VTOL UAV.
[0017] In an advantageous embodiment, the chassis
comprises a centre part and branches extending radially
outwards from the centre part with respect to the yaw
axis (Z), the propellers being mounted at ends of said
branches.
[0018] In an advantageous embodiment, the propul-
sion system comprises at least three non-coaxially
spaced apart propellers, preferably four non-coaxially
spaced apart propellers, the 3D LIDAR sensor being
mounted between propellers.
[0019] In an advantageous embodiment, the propul-
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sion system comprises fan ducts surrounding each of the
propellers.
[0020] In an advantageous embodiment, the propul-
sion system comprises four propellers, consisting of a
pair of back propellers having rotation axes spaced apart
by a spacing (Lb) and a pair of front propellers having
rotation axes spaced apart by a spacing (Lf), the back
propeller spacing (Lb) being greater than the front pro-
peller spacing (Lf), the LIDAR sensor being mounted be-
tween the pair of back propellers.
[0021] In an advantageous embodiment, the LIDAR
sensor is mounted on the chassis via a mounting bracket,
the LIDAR being removably coupled to the chassis via
the mounting bracket.
[0022] In an advantageous embodiment, each propel-
ler has a propeller centre axis (C), at least two of the
propellers having the propeller centre axis (C) having a
propeller inclination angle (γ) with respect to the yaw axis
(Z) that is in a range of 1° to 10°, preferably in a range
of 2° to 8°.
[0023] In an advantageous embodiment, the inclined
propeller centre axes diverge on a top side of the UAV
and converge on a bottom side of the UAV.
[0024] In an advantageous embodiment, the VTOL
UAV further comprises an outer protective cage sur-
rounding the chassis, the outer protective cage compris-
ing a plurality of beams interconnected to each other and
surrounding the chassis.
[0025] In an advantageous embodiment, the outer pro-
tective cage comprises a front side with an opening great-
er than openings formed by the interconnected beams
around the top, bottom, sides and back of the UAV, the
front side opening configured for access to a battery re-
movably mounted to the chassis within the outer protec-
tive cage.
[0026] In an advantageous embodiment, the VTOL
UAV further comprises an image capture system and op-
tionally a lighting system and other sensors mounted on
a front side of the UAV at the opening in the outer pro-
tective cage surrounding the chassis.
[0027] In an advantageous embodiment, the azimuthal
scanning angle (α) of the 3D LIDAR is in a range of 85°
to 95°.
[0028] In an advantageous embodiment, the flight con-
trol system comprises a module configured to automat-
ically maintain a constant rate of rotation of the VTOL
UAV about the yaw axis to ensure a homogeneous scan.
[0029] Further objects and advantageous aspects of
the invention will be apparent from the claims, and from
the following detailed description and accompanying fig-
ures.

Brief description of the drawings

[0030]

Figure 1a is a perspective view of a VTOL UAV ac-
cording to an embodiment of the invention;

Figure 1b is an exploded perspective view of the
embodiment of figure 1a;
Figure 2a is a side view of the embodiment of figure
1a;
Figure 2b is a top view of the embodiment of figure
1a;
Figure 2c is a front view of the embodiment of figure
1a;
Figure 2d is a back view of the VTOL UAV embod-
iment of figure 1a;
Figure 3a is a top view of the VTOL UAV of figure
1a with an outer protective cage removed;
Figure 3b is a side view of the embodiment of figure
3a;
Figure 4a is a perspective view of a VTOL UAV ac-
cording to another embodiment of the invention;
Figure 4b is a side view of the embodiment of figure
4a;
Figure 5a is a view of the embodiment of figure 4a
with the outer protective cage removed;
Figure 5b is a side view of the embodiment of figure
5a.

Detailed description of the invention

[0031] Referring to the figures, a VTOL UAV 1 accord-
ing to embodiments of this invention comprises a protec-
tive outer cage 2, a chassis 3 coupled to the protective
outer cage and mounted within the protective outer cage,
a power source 4 for instance in the form of a battery
mounted to and supported by the chassis, a propulsion
system 5 mounted to and supported by the chassis, and
an electronics unit 12 mounted to and supported by the
chassis.
[0032] The VTOL UAV further comprises a sensing
system including a 3D LIDAR sensor 10.
[0033] The VTOL UAV may comprise further sensors
and inspection devices such as an image capture system
9.
[0034] The electronics unit 12 includes electronics to
control the propulsion system for flight control, and for
other operations such as wireless communication with
other devices, processing measurement and sensing da-
ta, navigation, and various functions per se known in
VTOL UAVs.
[0035] In a preferred embodiment, the protective outer
cage 2 is formed of beams interconnected together to
form a substantially ball shaped cage surrounding the
chassis and propulsion system, such structures being
per se known. The electronics unit and power source
may be mounted to the chassis well protected within the
outer protective cage and by the chassis. The image cap-
ture system 9 and projection lights and other sensors
may be mounted on one side of the protective cage with
a cage opening 15 that is larger than the openings be-
tween the thin beams interconnected together forming
the remainder of the cage. This opening 15 may also be
used to facilitate the removal and insertion of the battery
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or other payloads to be mounted on the chassis within
the outer protective cage. The mounting of the image
capture system and projection lights at the opening 15
allows for an uninterrupted wide angle of view for the
image capture system.
[0036] In a preferred embodiment, the propulsion sys-
tem comprises a plurality of propellers 6 each comprising
propeller blades 13 coupled to a motor 7.
[0037] In a preferred embodiment, the propulsion sys-
tem comprises four propellers 6 arranged around a yaw
axis Z of the UAV. The propellers are arranged around
the yaw axis such that they can lift the VTOL UAV in a
vertical direction parallel to the yaw axis Z and keep the
VTOL UAV in static (hovering) stable flight with the yaw
axis aligned with the vertical direction. Perpendicular to
the yaw axis Z, the VTOL UAV comprises what one may
consider to be a pitch axis Y and a roll axis X. The posi-
tions of the pitch and roll axes may be defined relative to
an orientation UAV which is given by an image sensor 9
corresponding to a front of the UAV. An opposite side of
the UAV from the front may be defined by convention as
a back of the UAV. A horizontal plane XY may be defined
as a plane orthogonal to the yaw axis Z when the UAV
is in a static stable flight position, in which case the UAV
should have its yaw axis Z parallel to a vertical direction
and its horizontal plane XY parallel to the horizontal di-
rection.
[0038] Each propeller 6 has a propeller centre axis C
that may be parallel or substantially parallel to the yaw
axis Z, or in preferred embodiments the propeller centre
axis C may have an inclination angle γ that is preferably
within 1-10°, preferably between 2 and 8° with respect
to the yaw axis Z. The propeller centre axes are inclined
such that they diverge above the propellers and converge
below the propellers, such arrangement enabling to pro-
vide greater flight stability at low speeds and easier flight
control. The motors 7 of each propeller are preferably
independently controlled by a propulsion control unit of
the electronics 12.
[0039] The chassis 3 according to an advantageous
embodiment, comprises a centre part 3a and branches
3b extending outwardly therefrom to ends of the branch-
es on which the motors 7 of the propellers 6 are mounted.
Each of the propellers 6 may further comprise a fan duct
8 surrounding the tip of the propeller blades 13, such fan
duct and propeller arrangements being per se well known
and configured to improve the aerodynamics of the pro-
pulsion system. The fan ducts 8 may be fixed to the chas-
sis and form part of the chassis, providing structural re-
sistance to the chassis.
[0040] In an advantageous embodiment, the motors 7
of the front propellers 6f at a front side of the UAV are
spaced apart by a spacing Lf (front motor spacing) that
is smaller than a spacing Lb (back motor spacing) of the
motors of the back propellers 6b. This configuration pro-
vides better scanning beam access for the 3D LIDAR
sensor 10 mounted on the chassis between the pair of
branches at a back side of the UAV.

[0041] According to an aspect of the invention, the 3D
LIDAR sensor 10 comprises a laser beam or plurality of
laser beams rotating 360° about a laser beam rotation
axis R. The 360° rotating laser beam(s) also comprise
an azimuthal scanning angle α of 70° to 110° relative to
the rotating laser centre axis R, typically of about 85° to
95° for instance of about 90°. The inclination angle β of
the LIDAR with respect to the yaw axis Z is in a range of
40 to 50°, preferably 45° or about 45° with respect to the
yaw axis. The 3D LIDAR sensor 10 is fixedly coupled to
the chassis 3, for instance fixedly coupled directly to the
chassis or via a mounting bracket 14.
[0042] In an advantageous embodiment, the mounting
bracket may be configured to allow releasable coupling
of the 3D LIDAR sensor to the chassis such that the
LIDAR sensor may be removed for maintenance, re-
placement, or for operation of the UAV without a LIDAR
in circumstances that do not require the LIDAR.
[0043] As best seen in figure 3b, the scanning range
of the LIDAR with its axis at or approximately at 45° with
respect to the yaw axis Z (i.e. β =45°), allows a scanning
range from at least a vertical to a horizontal position, and
by operating the UAV to rotate around its yaw axis Z by
90° or more, the entire spherical volume around the UAV
may be scanned with the 3D LIDAR sensor 10.
[0044] Since the 3D LIDAR sensor 10 may be fixed
statically to the chassis, the additional weight for the
LIDAR system may be kept to a minimum (in particular
by removing the need for a motorized moving mecha-
nism), yet the entire 360° spherical degrees around the
UAV may be scanned by rotating the drone 360° around
its yaw axis Z. In such operation, the UAV may remain
in a static hovering position and thus be in a confined
environment when performing the scanning function. In
other words, while rotating the UAV about its yaw axis Z,
no additional space or volume in the environment of the
UAV is required for the LIDAR scanning function. The
VTOL UAV can thus easily scan the entire 3d environ-
ment around the UAV avoiding unscanned dead zones.
[0045] The flight control system of the electronics 12
may comprise a software module configured to control
the flight of the UAV in coordination with the scanning
operation. For instance, the module may be configured
to automatically maintain a constant rotation rate of the
UAV around its yaw axis for a partial e.g. 90° or full e.g.
360° rotation or more to ensure a homogeneous scan of
the surroundings. The control system may be used to
automatically fly the UAV through an environment, while
maintaining a constant yaw rotation rate during the
course of long flight sections.
[0046] In an alternative embodiment as illustrated in
figures 4a to 5b, the chassis may comprise a hollow cen-
tre part frame 3a having a central opening in which the
3D LIDAR sensor 10 is fixedly mounted at an inclination
angle β of the LIDAR 360° rotation axis R with respect
to the yaw axis Z which is in a range of 40 to 50°, pref-
erably 45° or about 45°. In this embodiment, the pairs of
propellers at the front 6f and in the back 6b are offset O
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in the direction of the yaw axis such that they are sub-
stantially aligned on different horizontal planes. The latter
configuration gives access to the LIDAR laser beam to
scan over at least 90° from the yaw axis Z to the horizontal
plane XY without interference by the propulsion system.

List of feature references:

[0047]

Vertical Take-Off and Landing Unmanned Aerial Ve-
hicle (VTOL UAV) 1
Protective outer cage 2
Front opening 15
Chassis 3

Centre part 3a
Branches 3b

Power source (battery) 4
Propulsion system 5

Propellers 6

Front propellers 6f
Back propellers 6b

Motors 7
Fan Ducts 8

Sensing system
Image capture system 9
3D Light detection and ranging (LIDAR) sensor 10
Mounting bracket 14
Electronics 12
Flight control sytem
Yaw axis Z
Pitch axis Y
Roll axis X
Horizontal plane XY
Propeller centre axis C
Propeller inclination angle γ
LIDAR axis R
LIDAR inclination angle β
LIDAR azimuthal scanning angle α
Front motor spacing Lf
Back motor spacing Lb

Claims

1. A VTOL UAV (1) comprising a chassis (3), a propul-
sion system (5) mounted on the chassis (3), elec-
tronics (12) including a flight control system, and a
3D LIDAR sensor (10) mounted on the chassis, the
3D LIDAR sensor has a laser beam 360° rotation
axis (R) and an azimuthal scanning angle (α) in a
range of 70° to 110°, the propulsion system compris-

ing a plurality of propellers (6) with motors (7) con-
figured for flight without wings, including static hov-
ering flight, the VTOL UAV comprising a yaw axis
(Z) about which it can rotate upon itself, character-
ized in that the 3D LIDAR sensor is statically mount-
ed on the chassis such that the LIDAR laser beam
360° rotation axis (R) is inclined at a LIDAR inclina-
tion angle (β) with respect to the yaw axis (Z) in a
range of 35° to 50°.

2. The VTOL UAV according to claim 1 wherein the
LIDAR inclination angle (β) is 45° or in a range of
43° to 47°.

3. The VTOL UAV according to any preceding claim
wherein the LIDAR sensor (10) is mounted within an
orifice in a centre part of the chassis, a pair of motors
at a back side of the UAV being at a height in the
direction of the yaw axis that is different to a height
of a second pair of motors positioned on a front side
of the VTOL UAV.

4. The VTOL UAV according to any preceding claim 1
or 2 wherein the chassis (3) comprises a centre part
(3a) and branches (3b) extending radially outwards
from the centre part with respect to the yaw axis (Z),
the propellers (6) being mounted at ends of said
branches.

5. The VTOL UAV according to any preceding claim
wherein the propulsion system (5) comprises at least
three non-coaxially spaced apart propellers, prefer-
ably four non-coaxially spaced apart propellers, the
3D LIDAR sensor (10) being mounted between pro-
pellers.

6. The VTOL UAV according to any of the preceding
claim wherein the propulsion system comprises fan
ducts (8) surrounding each of the propellers.

7. The VTOL UAV according to any preceding claim
wherein the propulsion system comprises four pro-
pellers, consisting of a pair of back propellers having
rotation axes spaced apart by a spacing (Lb) and a
pair of front propellers having rotation axes spaced
apart by a spacing (Lf), the back propeller spacing
(Lb) being greater than the front propeller spacing
(Lf), the LIDAR sensor (10) being mounted between
the pair of back propellers.

8. The VTOL UAV according to any preceding claim
wherein the LIDAR sensor (10) is mounted on the
chassis (3) via a mounting bracket (10), the LIDAR
being removably coupled to the chassis via the
mounting bracket (14).

9. The VTOL UAV according to any preceding claim
wherein each propeller has a propeller centre axis
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(C), at least two of the propellers having the propeller
centre axis (C) having a propeller inclination angle
(γ) with respect to the yaw axis (Z) that is in a range
of 1° to 10°, preferably in a range of 2° to 8°.

10. The VTOL UAV according to the preceding claim
wherein the inclined propeller centre axes diverge
on a top side of the UAV and converge on a bottom
side of the UAV.

11. The VTOL UAV according to any preceding claim
further comprising an outer protective cage (2) sur-
rounding the chassis, the outer protective cage com-
prising a plurality of beams interconnected to each
other and surrounding the chassis.

12. The VTOL UAV according to the preceding claim
wherein the outer protective cage comprises a front
side with an opening (15) greater than openings
formed by the interconnected beams around the top,
bottom, sides and back of the UAV, the opening con-
figured for access to a battery (4) removably mount-
ed to the chassis within the outer protective cage.

13. The VTOL UAV according to any preceding claim
further comprising an image capture system (9) and
optionally a lighting system and other sensors
mounted on a front side of the UAV at an opening
(15) in an outer protective cage (2) surrounding the
chassis.

14. The VTOL UAV according to any preceding claim
wherein the 3D LIDAR comprises an azimuthal scan-
ning angle (α) in a range of 85° to 95°.

15. The VTOL UAV according to any preceding claim
wherein the flight control system comprises a module
configured to automatically maintain a constant rate
of rotation of the VTOL UAV about the yaw axis to
ensure a homogeneous scan.

9 10 



EP 4 279 380 A1

7



EP 4 279 380 A1

8



EP 4 279 380 A1

9



EP 4 279 380 A1

10



EP 4 279 380 A1

11



EP 4 279 380 A1

12



EP 4 279 380 A1

13



EP 4 279 380 A1

14

5

10

15

20

25

30

35

40

45

50

55



EP 4 279 380 A1

15

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

